Background {#s1}
==========

Patient with GBM has a poor prognosis despite aggressive therapy. This case describes an outlier in the survival curve, doing well currently. A detailed insight into his story offers us plausible explanations for the regression of this tumour. Spontaneous regression of the tumour versus a combined antineoplastic effect of antiepileptic drugs (AEDs) and dexamethasone (DEX) are the leading hypothesis. This case reviews preclinical and retrospective data, which support our hypothesis, and also emphasizes that further clinical studies are a prerequisite for validation and for developing treatment protocols in a tumour with a poor prognosis.

Case presentation {#s2}
=================

A 55-year-old man was admitted on March 2014 for acute-onset lethargy and confusion. His medical history includes biopsy-proven right frontal lobe grade II astrocytoma, diagnosed in April 2000. After undergoing definite radiation, he achieved a long-term remission. In May 2009, MRI of the brain demonstrated a new heterogeneous mass in the right frontal and temporal lobe with minimal mass effect over right anterior horn. As the patient declined surgery, he was empirically treated with oral temozolamide (TMZ) at 150 mg/m^2^ (days 1--5 and repeated every 28 days) from August 2009 to December 2011. As patient stopped taking TMZ secondary to fatigue, he was kept on observation until January 2013. In January 2013, MRI of the brain ([figure 1](#BCR2016217393F1){ref-type="fig"}A) revealed new findings concerning for glioblastoma multiforme (GBM). Patient declined surgery again and was lost to follow-up until March 2014, when he presented with this acute clinical presentation.

![(A) MRI brain T1 with contrast demonstrating features concerning for GBM. (B) MRI brain T1 with contrast demonstrating a large bi-frontal solid expansive mass with vasogenic oedema. (C) H&E staining of frontal lobe mass from (B) showing WHO grade IV astrocytoma. (D and E) MRI brain T1 with contrast at days 57 and 99 demonstrating a decrease in size of frontal and parasagittal mass. (F) MRI brain T1 day 810 reveals further improvement in the lesions. GBM, glioblastoma multiforme.](bcr2016217393f01){#BCR2016217393F1}

MRI of the brain revealed a large bi-frontal solid expansive mass with vasogenic oedema ([figure 1](#BCR2016217393F1){ref-type="fig"}B). Patient was immediately started on intravenous DEX (4 mg intravenously every 6 hours for 7 days followed by oral dosing of 4 mg two times per day) and levetiracetam (LEV) 500 mg orally two times per day for seizure prophylaxis. Brain biopsy revealed anaplastic fibrillar astrocytes with high mitosis and infiltrating into the adjacent brain parenchyma with associated satellitosis and with large areas of necrosis. Patient was diagnosed with WHO grade IV astrocytoma or GBM ([figure 1](#BCR2016217393F1){ref-type="fig"}C). Over the next 2-month period, patient\'s cognition gradually improved with resolution of delirium and speech problems, while he remained on oral DEX and LEV. Brain MRI on day 57 revealed mild improvement ([figure 1](#BCR2016217393F1){ref-type="fig"}D). On day 99, brain MRI showed further reduction of frontal, parasagittal mass size ([figure 1](#BCR2016217393F1){ref-type="fig"}E). On day 120, he was started on concurrent TMZ and radiation followed by the maintenance of TMZ. At the time of writing this manuscript, patient continues to do well with brain MRI showing no signs of recurrence ([figure 1](#BCR2016217393F1){ref-type="fig"}F).

Discussion {#s3}
==========

GBM is the most aggressive and lethal primary brain tumour and carries a dismal prognosis.[@R1] [@R2] Maximal safe resection followed by adjuvant concurrent chemoradiotherapy with oral TMZ remains the treatment of choice.[@R3] While rare cases of long-term survival with GBM have been described,[@R4] spontaneous regression in GBM setting has never been published. Continuous regression of GBM was noted in our patient while on DEX and LEV, without any cancer-targeted therapy, suggesting that the response may be secondary to DEX and/or LEV.

DEX\'s inherent role in altering the natural course of GBM by itself or in congruence with chemotherapy and radiation is unknown.[@R5] In contrary, high-dose DEX (\>4.1 mg/day) was proposed to mitigate the effects of chemotherapy resulting in lower overall survival (OS) in patients with GBM.[@R6]

Most of the understanding of DEX antineoplastic effects in GBM comes from in vitro studies. Takahashi *et al*[@R7] demonstrated that DEX inhibits adrenomedullin (AM) induced by inflammatory cytokines inteferon-γ, tumour necrosis factor-α and interleukin-1 in human GBM cell line T98G. Hypoxia and inflammatory cytokines induce AM, which in turn increases vascular endothelial growth factor (VEGF) production.[@R8] Increased VEGF worsens the vicious cycle of more hypoxia and more AM, thereby potentiating angiogenesis, tumour proliferation, invasion and metastasis.[@R7] [@R12] Along with above mechanisms, DEX, via the glucocorticoid receptor pathway, is shown to directly inhibit VEGF production in glioblastoma cells.[@R13] There is also growing body of evidence that DEX inhibits glioma cell proliferation in vitro and tumour growth in vivo.[@R4] Its capability to inhibit neural stem cells by decreasing cyclin D1 level has been also demonstrated.[@R14]

Inhibition of migration and invasion in various glioma cell lines (C6, U251, U373 and A172) by DEX has been shown by Bauman *et al*.[@R17] In U87MG glioma cells, DEX reduces matrix metalloproteinase-2 secretion and thereby tumour invasion.[@R18] DEX direct cytotoxic effect on glioblastoma cell lines (A172, T98G and 86HG39) has been described.[@R11]

Recent preclinical and clinical studies elucidating antitumorous efficacy of AEDs in brain tumours demonstrate encouraging results. Valproic acid (VPA) was shown to cause growth arrest and apoptosis in medulloblastoma cell lines by regulating expression of p21Cip1, cyclin-dependent Kinase 4 (CDK4) and *c-myc* proteins through histone hyperacetylation.[@R19] Van Nifterik *et al*[@R20] demonstrated increased cytotoxicity in human glioma cells subjected to TMZ and γ-radiation in the presence of VPA. Data from EORTC 26981-22981 and NCIC CE.3 clinical trial database have revealed that the OS of patients who were receiving VPA alone appeared to increase survival benefit from TMZ and radiation compared to those who were on enzyme-inducing AEDs only (HR 0.39, 95% CI 0.24 to 0.63) or those not receiving any AED (HR: 067, 95% CI 0.49 to 0.93).[@R21]

On the other hand, Bobustuc *et al*[@R22] demonstrated that LEV increased histone deacetylase 1 (HDAC1) transcription and recruited HDAC1/mSin3A compressor complex to the p53-binding site in the O^6^ methylguanine-DNA methyltransferase (MGMT) promoter, consequently silencing MGMT and enhancing the anticancer effects of TMZ. In a single institutional retrospective study, Kim *et al*[@R23] noticed that the median progression-free survival (PFS) and OS for patients who received LEV in combination with TMZ was significantly prolonged compared to those who did not receive LEV (PFS 9.4 vs 6.7 months, p=0.010; OS 25.7 vs 16.7 months, p=0.027).

Tumour molecular profiling using Caris Life Sciences (Phoenix, Arizona, USA) revealed a deficiency of the DNA repair system at multiple levels ([table 1](#BCR2016217393TB1){ref-type="table"}): BRCA1/2 mutation, along with MGMT gene silencing by methylation. isocitrate dehydrogenase 1 (IDH1) mutation and 1p/19q codeletion, known for their correlation with improved sensitivity to chemotherapy and other genotoxic stress, were present. It is possible that the impaired DNA repair system has conferred an improved sensitivity to DEX and LEV. This observation needs to be proven through cell lines model harbouring defect at different levels in their DNA repair system and from large clinical database. Although DEX and LEV\'s role in GBM regression is supported by few preclinical and retrospective clinical data, randomised clinical trials are still lacking. Further efforts are needed to define the antineoplastic role of DEX and LEV in GBM.

###### 

Pertinent findings of molecular profiling of the recurrent tumour performed by Caris Moleculare Intelligence (CARIS)

  Test               Method     Result
  ------------------ ---------- --------------------------------------------------------
  BRCA 1             NGS        Exon 3/E33K; mutated variant of unknown significance
  BRCA2              NGS        Exon 17/A263v; mutated variant of unknown significance
  ERCC1              IHC        Negative
  IDH1               NGS        Mutated Exon 4/R132H
  MGMT               Pyro Seq   Methylated
  1p19q              FISH       Positive
  FGFR1              NGS        Mutated, variant of unknown significance; Exon 4 E126K
  FGFR2              NGS        Mutation negative
  PD-L1              IHC        Negative
  TP53               NGS        Mutated; Exon 8/P2785
  EGFR               NGS        Mutation negative
  EGFR vIII          FA         Absent
  NRAS/KRAS/HRAS     NGS        Mutation negative
  Her2/Neu (ERBB2)   NGS        Mutation negative
  PIK3CA             NGS        Mutation negative

EGFR, epithelial growth factor receptor; EGFR, epithelial growth factor receptor; ERBB, epidermal growth factor receptor; ERCC, excision repair cross-complementing; FGFR, fibroblast growth factor receptor; FA, Fragment Analysis ; FISH, fluorescence in situ hybridization; IDH, isocitrate dehydrogenase; IHC, Immunohistochemistry; MGMT, O^6^ methylguanine-DNA methyltransferase; NGS, Next-Generation sequencing; NRAS/KRAS/HRAS, N-rat sarcoma gene; K-rat sarcoma gene; H-rat sarcoma gene; PD-L1, programmed death ligand 1; PIK3CA, Phosphoinositide 3-kinase oncogene; TP53, tumor protein 53.

###### Learning points

-   Secondary glioblastoma multiforme (GBM) progress from astrocytoma and have a better prognosis than primary GBM.

-   Patients with tumours having O^6^ methylguanine-DNA methyltransferase promoter methylation respond better to alkylating agents such as temozolamide, translating to longer survival.

-   Dexamethasone and levetiracetam have been shown in in vitro studies and retrospective studies to play a role in directly inhibiting tumour proliferation and increasing sensitivity to chemotherapy.

-   Randomised control trials can validate the role of antiepileptic drugs and dexamethasone in the treatment of GBM
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